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1 Introduction

During RAN2#69, the RACH issue in CA was discussed, and the following agreements were achieved:
· UE can be configured with multiple RACH on PCC and/or SCC’s

· For “UL data arrival” and “DL data arrival with contention based access” UE can select from the configured RACH’s which one to use, at least from the RACH’s which correspond to an activated DL CC. 

But the following issues are still open:

· How to select an UL RACH?

· Timing, radio conditions, …

· FFS if UE can select one UL CC corresponding to the deactivated DL CC?

· Whether the dedicated preamble can be sent from any selected UL CC by UE?

In this contribution, we discuss these open issues. 
2 Discussion
As explained in [5], providing a UE with multiple RACHs can distribute the RACH load and effectively increases RACH capacity and potentially reducing latency; Multiple RACH may also provide some diversity in the case of RACH failure. When the system configures a UL CC, if it wants to concentrate RACH resources on few UL CCs, it should group this CC with some other UL CCs and assume this CC group has big probability to be configured to a UE together. Such grouping will make CC configuration complicated and restrict the flexibility of CC configuration for a UE. Furthermore, concentrating RACH resources on few UL CCs will reduce the chance of selecting UL PCC. If UL/DL PCC is SIB2-linked, UL PCC sharing means DL PCC sharing. Sharing DL PCC by a plenty of UEs may restrict DL CC deactivation. For example, if the total DL bitrate of the attached UEs exceeds the bandwidth of the DL PCC, some UEs need to receive DL data from SCCs, so these SCCs can not be deactivated by the corresponding UEs. On the other hand, we have agreed that the UE can be configured with multiple RACH on PCC and/or SCC’s. As pointed out by some companies during the meeting, if multiple RACHs are configured to the UE, there is not reason to prohibit the UE to use them. 
From above analysis, we can conclude that the scenario of multiple RACHs for a UE does exist. In this case, when a contention-based RACH procedure is triggered the UE should select a PRACH on one of the configured CCs to send preamble. RACH selection is not a UE implementation issue because the mechanism used in a UE will impact RACH performance in the whole system. For example, if most UEs under the eNB are provided by the same vendor; and these UEs always select the UL CC with lowest centre frequency, then the RACH performance in the system will be very bad. Therefore, RACH selection should be standardized. 

2.1 UL CC corresponding to deactivated DL CC
It is obvious that a configured UL CC without RACH, if exists, cannot be selected, but it is unclear whether a configured UL CC corresponding to deactivated DL CC(s), can be selected or not. In our understanding, the eNB decides to deactivate a DL CC mainly according to the situation of DL data arrival, but not bad radio condition. If the eNB detects bad radio condition on a configured DL CC, it will remove the CC instead of deactivating it. If the UE selects a UL CC corresponding to a deactivated DL CC, the UE most probably needs to monitor RA response on the deactivated DL CC, as we discussed in [6], which leads to unnecessary power consumption, especially when reopening a closed RF chain is required. DL PCC is always activated, so at least the corresponding UL CC can be selected.  Someone may concern the RACH load balance in case all DL SCCs corresponding to the configured UL CCs are deactivated. Normally, RACH load has already been distributed when the UE selects DL/UL PCC or assigned by the eNB; and the CC configuration and (de)activation are performed per UE, so smart eNB can avoid RACH load balance problem. Therefore, there is no RACH load balance problem if the UE does not select a UL CC corresponding to a deactivated DL CC.
Based on above analysis, we propose:
Proposal 1: The UE can not select a UL CC corresponding to a deactivated DL CC for preamble transmission.

2.2 RACH Selection for contention-based preamble
As we discussed in section 2.1, the target UL CC set comprises of all configured UL CCs with RACH but not corresponding to the deactivated DL CCs. Another issue is how to select a PRACH resource among the target UL CC set to send preamble. So far the following options are identified.
· Option 1: randomly select an UL CC among the target UL CC set, and then send preamble in the first coming PRACH. [1]
· Option 2: select the UL CC on which PRACH resource coming first. If more than UL CCs are selected then randomly select one among them. [2, 3]
· Option 3: randomly select among PRACHs available in the first possible subframe and the two following subframes among all activated CCs [2]. This mechanism is extended from that used in R8/9 for TDD.
· Option 4: select the UL CC whose corresponding DL CC has the best radio condition, and then send preamble in the first coming PRACH. [3]
Table 1 solution comparison

	Potential Solutions
	Pros
	Cons

	Option 1
randomly select an UL CC and first PRACH in the selected CC
	· Simple
	· Bad performance if PRACH density is different on different non-compatible UL CCs
· Bigger access delay

	Option 2
select the first coming PRACH
	· Simple
· Small access delay
	· RACH load balance issue is serious for some TDD PRACH configurations [5]

	Option 3
reuse R8/9 TDD mechanism
	· Resolve RACH load balance issue well for TDD
· Not new mechanism is introduced
	· A little complicated

	Option 4
select the UL CC corresponding DL CC has the best radio condition
	· High success probability in the case of light RACH load
	· Increase collision if most of UEs have the similar radio condition.


As listed in table 1, option4 is only suitable for light RACH load case; and we should avoid adopting different selection mechanism for different RACH load. In addition, power control can compensate bad radio condition in some extent, thus UL CCs with different radio condition can meet similar success probability, and so the benefit listed in above table for option 4 may not exist. Therefore option 4 should be ruled out. A big drawback of option 2 is that it will lead to serious RACH load balance issue for some TDD PRACH configurations. This drawback is unacceptable, so option 2 should also be ruled out. Compared to option 2, option 3 is complicated a little bit, but it can reuse standardized selection mechanism and resolve RACH load balance issue well for TDD. Option 1 is also simple, but the RACH performance depends on PRACH configurations on each UL CC. If PRACH density is different on different non-compatible UL CC, or PRACH density on compatible and non-compatible UL CCs is identical or similar, RACH performance will be bad. However if the eNB configures more PRACH resources on compatible UL CCs, then option 1 will not degrade RACH performance significantly. Compared to option 3, option 1 is simple, but it has bigger access delay, and introduces a new mechanism.
In summary, option 1 and option 3 are suitable solutions for RACH selection. Option 1 is simple, but has bigger access delay than option 3. Option 3 can reuse R8/9 mechanism but it is a little complicated. So we propose:
Proposal 2: RAN2 adopt option 1 or option 3 to select PRACH resource for contention-based RACH.

2.3 RACH selection for dedicated preamble
Dedicated preamble is informed to the UE through HO command or PDCCH order. When the UE received a dedicated preamble, the UE needs to select a PRACH resource to send the dedicated preamble. Can the UE select PRACH resource as that for contention preamble?  In our understanding, there is no reason to share dedicated preamble on different UL CCs because it will reduce the efficiency of dedicated preamble, so no RACH selection is needed. Consequently, we propose:

Proposal 3: The dedicated preamble is only valid on a specific UL CC.

After the UE receives a dedicated preamble, how can the UE know on which UL CC the dedicated preamble is valid? For handover case, it is natural that the UE initiates RACH procedure on the target UL PCC to access to the target cell. There is no reason to access to the target cell through other UL CCs.
Proposal 4: For handover case, the UE transmits the dedicated preamble on UL PCC. 
For DL data arrival case, the eNB will send a PDCCH order to initiate a RACH procedure. A simple method for the UE to decide on which UL CC the assigned dedicated preamble should be transmitted is that the dedicated preamble is always transmitted on the UL CC corresponding to the DL CC carrying the PDCCH order. According to the agreements in [4], cross-scheduling for PDCCH order is supported, which makes it possible for the eNB to designate the UL CC for dedicated preamble transmission. Cross-scheduling for PDCCH order is only useful when the corresponding DL CC is too busy to send a PDCCH order or not in the configured PDCCH CC set. “too busy” seems impossible, and for simplification it’s better to avoid cross-scheduling for PDCCH order. So we propose:
Proposal 5: For UL data arrival case, the UE transmits the dedicated preamble on the UL CC corresponding to the DL CC where UE receives the PDCCH order.
3 Conclusion
In this contribution, we discussed several RACH selection related open issues and proposed:
Proposal 1: The UE can not select a UL CC corresponding to a deactivated DL CC for preamble transmission.

Proposal 2: RAN2 adopt option 1 or option 3 to select PRACH resource for contention-based RACH.

Proposal 3: The dedicated preamble is only valid on a specific UL CC.

Proposal 4: For handover case, the UE transmits the dedicated preamble on UL PCC. 
Proposal 5: For UL data arrival case, the UE transmits the dedicated preamble on the UL CC corresponding to the DL CC where UE receives the PDCCH order.
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